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Radia3on	
  levels	
  of	
  fluences	
  up	
  to	
  
Φ=1016	
  cm-­‐2	
  are	
  expected	
  for	
  CMS	
  
	
  
Radia3on	
  damage	
  changes	
  the	
  
performance	
  of	
  the	
  sensors	
  
•  Increase	
  of	
  leakage	
  current	
  
•  Increase	
  of	
  trapping	
  
•  Change	
  of	
  the	
  deple3on	
  voltage	
  
	
  
Understanding	
  of	
  radia3on	
  damage	
  
is	
  important	
  for	
  the	
  design	
  of	
  the	
  
sensor	
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the	
  deple3on	
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3.2. Defect formation

Fig. 7 shows a qualitative example of a final
constellation of di- and tri-vacancies. The total

numbers of the defects indicated in the plot should
not be compared with any NIEL scaling because
the statistical fluctuations are overwhelmingly
large. Also the depth of the projections should be
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Fig. 4. Spatial distribution of vacancies created by a 50 keV Si-ion in silicon. The inset shows the transverse projection of the same
event.
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Primary	
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N-­‐	
  and	
  P-­‐type	
  pad-­‐diodes	
  from	
  the	
  “CMS-­‐HPK”	
  campaign	
  
Deep-­‐diffused	
  Float	
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  (dd-­‐FZ),	
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  µm	
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  integral	
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23	
  MeV	
  p	
  irradia3on	
  
Deep-­‐diffused	
  FZ	
  
	
  
•  Introduc3on	
  of	
  main	
  

defects	
  similar	
  in	
  n-­‐	
  
and	
  p-­‐type	
  material	
  

•  Slight	
  difference	
  on	
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  defects	
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P-­‐type:	
  Introduc3on	
  rate	
  of	
  E(30K)	
  increase	
  with	
  oxygen	
  concentra3on	
  
N-­‐type:	
  Introduc3on	
  rate	
  of	
  E(30K)	
  decrease	
  with	
  oxygen	
  concentra3on	
  

dd-­‐FZ	
  (medium	
  [O])	
   FZ	
  (low	
  [O])	
  MCZ	
  (high	
  [O])	
  

TS
C	
  
cu
rr
en

t	
  [
pA

]	
  

TS
C	
  
cu
rr
en

t	
  [
pA

]	
  

TS
C	
  
cu
rr
en

t	
  [
pA

]	
  



Annealing behavior of donor E(30K) 
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Annealing	
  behavior	
  of	
  E(30K)	
  

Time	
  dependence	
  of	
  annealing	
  of	
  E(30K)	
  very	
  similar	
  for	
  different	
  materials	
  
Introduc3on	
  rates	
  for	
  E(30K)	
  for	
  MCz	
  similar	
  for	
  different	
  fluences	
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MCZ:	
  Φ=1x1013	
  cm-­‐2	
  

•  Point	
  defects	
  (like	
  IO2)	
  suppressed	
  a]er	
  23	
  GeV	
  proton	
  irradia3on	
  
•  Effect	
  large	
  at	
  high	
  fluences	
  à	
  Filling	
  of	
  defects	
  suppressed	
  
•  Possible	
  reason:	
  shielding	
  from	
  cluster	
  defects	
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23	
  MeV	
  protons	
  
•  Genera3on	
  rate	
  constant	
  for	
  acceptors	
  
•  Oxygen	
  dependence	
  for	
  donors	
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•  Genera3on	
  of	
  donors	
  reduced	
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23	
  MeV	
  protons	
  
•  Defect	
  genera3on	
  in	
  p-­‐type	
  silicon	
  very	
  similar	
  to	
  n-­‐type	
  silicon	
  
•  Oxygen	
  dependent	
  donor	
  genera3on	
  observed	
  
•  Similar	
  genera3on	
  of	
  acceptors	
  

	
  à	
  General	
  understanding	
  of	
  radia3on	
  damage	
  true	
  for	
  p-­‐type	
  
23	
  GeV	
  protons	
  
•  TSC	
  measurement	
  technique	
  problema3c	
  
•  Point	
  defect	
  signature	
  suppressed	
  
•  Effect	
  more	
  dominant	
  for	
  high	
  irradia3on	
  fluences	
  
•  Possible	
  explana3on:	
  Shielding	
  of	
  point	
  defects	
  from	
  cluster	
  defects	
  

Outlook	
  
Try	
  other	
  filling	
  methods	
  for	
  GeV	
  p	
  irradiated	
  samples	
  (light)	
  
Exploit	
  effect	
  of	
  shielding	
  from	
  clusters	
  from	
  DLTS	
  inves3ga3ons	
  
Inves3gate	
  pion	
  and	
  800	
  MeV	
  irradiated	
  samples	
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Understand	
  correla3on	
  between	
  microscopic	
  
and	
  macroscopic	
  effects	
  

Summary – defects with strong impact on the device 
properties at operating temperature
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Oxygen	
  rich	
  silicon	
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V+Oi→	
  VOi	
  
or	
  
V+Ps→	
  VP	
  

Oi	
  

Ps	
  

No	
  influence!	
  

Donor	
  removal	
  

• 	
  Frenckel	
  pairs	
  are	
  created	
  due	
  to	
  irradia3on	
  
• 	
  Defect	
  complexes	
  form	
  due	
  to	
  migra3on	
  
➔ 	
  Migra3on	
  depends	
  on	
  thermal	
  energy	
  
➔ 	
  Kine3cs	
  like	
  in	
  chemical	
  reac3ons	
  

Benefit	
  of	
  oxygen	
  rich	
  silicon:	
  VOi	
  genera3on	
  high	
  –	
  VP	
  suppressed	
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Occupancy	
  of	
  defect	
  states	
  with	
  electrons	
  or	
  holes	
  is	
  determined	
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Defect	
  proper3es	
  

16	
  

€ 
€ 

€ 

en,p ∝σn,p ⋅ exp ±
Et − EC ,V

kBT
& 

' 
( 

) 

* 
+ 

EC

EV

Et

cp

cn en

ep

EF

Electron density n

Hole density p

E
le

ct
ro

n 
en

er
gy

Scockley-­‐Read-­‐Hall	
  staHsHk	
  

€ 

cn,p ∝σn,p ⋅ n, pcapture	
   and	
  emission	
  

Capture	
  of	
  electrons	
  always	
  combined	
  
with	
  hole	
  emission	
  and	
  vice	
  versa	
  

σn,p:	
  e-­‐,	
  h+	
  capture	
  cross	
  sec3on	
  
Ea:	
  ac3va3on	
  energy	
  for	
  ionisa3on	
  
Nt:	
  trap	
  concentra3on	
  

Defect	
  proper3es	
  

De-­‐	
  and	
  recharging	
  offers	
  
possibility	
  to	
  detect	
  defects	
  

11/19/14	
   A.	
  Junkes	
  –	
  25th	
  RD50	
  Mee3ng	
  	
  



Defects	
  with	
  impact	
  on	
  Neff	
  

17	
  

€ 
€ 

Neff	
  for	
  n	
  and	
  p	
  irradia3on	
  (CV)	
  for	
  Epi-­‐Do	
   Corresponding	
  defects	
  (TSC)	
  

• 	
  Cluster	
  defect	
  E(30K)	
  enhanced	
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  protons	
  
• 	
  Shallow	
  donor	
  E(30K)	
  overcompensates	
  deep	
  acceptors	
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• 	
  Concentra3ons	
  from	
  microscopic	
  measurements	
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• 	
  Predic3on	
  of	
  Vdep	
  possible	
  also	
  for	
  neutron	
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